Polychlorinated dibenzothiophenes (PCDTs) in sediment, soil, and fly ash samples collected in Japan were analyzed and their dioxin-like endocrine-disruption potential and photodegradability investigated. PCDTs were detected in all three types of sample, although the concentrations were lower than those of polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs). An Ahimmunoassay confirmed that 2, 3,7, 1,2,3,7, 1,2,3,7,8, and 1,2,3,4,7,8,HpCDT had Ah receptor-binding activities, which means that these PCDTs have the potential to cause dioxin-like endocrine disruption. Photodegradation of PCDTs by UV irradiation was accompanied by 1 dechlorination. The photodegradation rates of 2,3,7,8-TeCDT and OCDT were lower than the rates for the corresponding PCDF isomers (2,3,7,, which indicates that PCDTs are more stable than PCDFs to photodegradation.
Introduction
Polychlorinated dibenzothiophenes (PCDTs) are sulfur analogues of polychlorinated dibenzofurans (PCDFs). PCDTs have been detected in environmental samples such as soil and sediment (Peterman et al., 1986 (Peterman et al., , 1988 Buser and Rappe, 1991; Pruell et al., 1993; Claus et al., 1998; Sinkkonen et al., 1994a Sinkkonen et al., , 1995 Sinkkonen et al., , 2001 , and in some samples PCDT homologues are present at higher levels than the corresponding PCDD/DFs. Pruell et al. (1993) found that the concentration of 2,4,6,8-TeCDT (3680 pg g -1 ) was five times that of 2,3,7,8-TeCDD (656 pg g -1 ) in sediment that was collected from the Passaic River (NJ, USA) and had been contaminated with 2,4,5-T containing 2,3,7,8-TeCDD as an impurity. Cai et al. (1994) reported that blue crabs (Callinectes sapidus) collected from Newark Bay, at the mouth of the Passaic River, contained more 2,4,6,8-TeCDT than 2,3,7,8-TeCDD in their muscle and hepatopancreatic tissues. These results indicate the necessity for monitoring PCDTs as a class of environmental pollutants.
Unfortunately, information on the environmental levels and emissions of PCDTs is limited.
Although incineration of municipal waste and polychlorinated biphenyls (Peterman et al., 1986; Sinkkonen, 1991) , pulp bleaching (Sinkkonen, 1994a) , metal reclamation (Sinkkonen, 1994b (Sinkkonen, , 2003 , and production of chlorinated thiophenols (Benz et al., 1992) have been reported as emission sources of PCDTs, the high level of 2,4,6,8- To determine whether or not PCDTs are environmental pollutants that require high priority for monitoring, the toxicity, environmental levels, and persistence of PCDTs must be evaluated. However, information on the environmental levels, sources, and endocrinedisruption potency of PCDTs is limited, and the degradability of PCDTs in the environment
has not yet been investigated. Therefore, we analyzed PCDTs in sediment, soil, and fly ash samples collected in Japan and estimated the dioxin-like endocrine-disruption potential and photodegradability of these compounds. Laboratories, Canada) were used as internal standards for quantification of PCDTs in the samples.
Materials and Methods

Environmental samples and PCDT standard compounds
Analysis of PCDTs in environmental samples
Prior to qualification and quantification of PCDTs, the environmental samples were extracted and purified. Because previous research has shown that PCDTs behave similarly to dioxins during conventional extraction and purification processes designed for dioxins (Sinkkonen et al. 2001; Sielex and Andersson, 1997) , we used the Japanese standard analytical methods for dioxins in soil and sediment (Water Quality Bureau, 2000a , 2000b , and waste (Environmental Health Bureau, 1997) to analyze PCDTs in the environmental samples. The purified samples were then analyzed for PCDTs by high resolution gas chromatography/high-resolution mass spectrometry (HRGC/HRMS; JMS700, Jeol, Japan;
see Table 1 for operating conditions). To quantify the PCDTs, we assumed that their mass spectrometry responses were equal to those of the corresponding 13 C-labeled PCDFs.
Photodegradation of PCDTs
To investigate the persistence of PCDTs, we compared the photodegradabilities of 2,3,7,8-
TeCDT and OCDT with those of 2,3,7,8-TeCDF and OCDF. Briefly, an n-hexane solution of each compound (1000 pg μl -1 ) was poured into a 4-cm 3 quartz cuvette (S11-UV-10, GL Science, Japan) and subjected to UV irradiation for 1 h with a 5.3 W low-pressure mercury lamp that emits mainly 254 nm (Germipak GCL212/11.4/Cell/C, Light Sources, USA) ( Fig.   1 ). During irradiation, a portion of the n-hexane solution was sampled and analyzed by high resolution gas chromatography/low-resolution mass spectrometry (HRGC/LRMS (HP6890/HP5973, Agilent, USA; see Table 2 for operating conditions).
Estimation of Ah receptor-binding activities of PCDTs
Dioxins are known to cause endocrine disruption by binding to Ah receptors in cells.
Therefore, we decided to estimate the endocrine-disruption potential of PCDTs by comparing the Ah receptor-binding activities of PCDTs with the activity of 2, 3, 7, 3, 7, 1, 2, 3, 7, 1, 2, 3, 7, 8, 1, 2, 3, 4, 7, 8, 9 -HpCDT, and OCDT were separately dissolved in dimethyl sulfoxide and then analyzed with an Ah-immunoassay kit (Paracelsian, USA) according to the instructions supplied with the kit. 2,3,7,8-TeCDD was used as a reference compound in the assay to determine the dioxin equivalency quantity (DEQ) of each isomer. Finally, an experimental toxicity equivalency factor (e-TEF) was calculated on the basis of the DEQ. (Buser and Rappe, 1991; Sinkkonen et al., 1993) , more highly chlorinated dibenzothiophenes than the target homologues might appear at each channel (Fig. 2) . Each homologue was identified on the basis of the retention time and the isotope ratios. The results confirmed the presence of PCDTs in the environmental samples collected in Japan.
Results and discussion
Environmental sample analysis
Neither OCDT nor HpCDTs were detected in the fly ash sample (<20 pg g -1 of detection limit), and OCDT was not detected in the Hachiouji soil sample; but all samples contained Te-HxCDTs (Table 3) . These results indicate that the incineration of municipal waste may produce Te-HxCDTs rather than the more highly chlorinated PCDTs. As was the case for the fly ash sample, only Te-HxCDTs were detected in the sediment sample, and at trace levels sample. On the basis of these results, we surmise that the production of PCDTs from municipal waste incineration is low compared with the production of PCDD/DFs.
Photodegradation of PCDTs
Upon photodegradation of OCDT/DF in n-hexane (Fig. 3) , the OCDT concentration fell below the detection limit (<10 pg μl -1 ) after 0.5 h, whereas OCDF disappeared after only 0.1 h. This result indicates OCDT underwent photodegradation more slowly than did OCDF.
Photodegradation of 2,3,7,8-TeCDT/DF and OCDT/DF followed pseudo-first-order kinetics (Fig. 4) . The photodegradation rate of OCDF was about seven times that of 2,3,7,8-TeCDF, a result that agrees with the results of previous research on the photodegradability of 2,3,7,8-TeCDF and OCDF in n-hexane (Lee et al., 1999) . Photodegradation rates for 2,3,7,8-TeCDT and OCDT were lower than the rates for the corresponding PCDF isomers, and the difference between the octachlorinated isomers was bigger than that between the tetrachlorinated isomers, which indicates that PCDTs are more stable to photodegradation than PCDFs. In OCDF molecules, the C-Cl bonds at the ortho positions are the weakest bonds, and therefore the C-Cl bonds at the 1-and 9-positions are preferably dissociated during the photodegradation of OCDF (Wagenaar et al., 1995; Ballschmiter and Bacher, 1996) . In contrast, photodegradation of OCDT produces 1,2,3,4,7,8,9-HpCDT preferentially, which allows us to hypothesize that the C-Cl bonds at the 4-and 6-positions may be the weakest of the eight C-Cl bonds of OCDT. The predominance of 1,2,3,7,8,9-HxCDF supports this hypothesis. To verify this hypothesis, further research is necessary to identify the unknown isomers. Kobayashi (2001) 
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Conclusions
In this research, environmental samples collected in Japan were analyzed for PCDTs, and the photodegradability and dioxin-like endocrine-disruption potential of the PCDTs were Sielex and Andersson (1997) . OCDT: 457.7199, 459.7170 
